The new FAIR facility at GSI will include a research program with antiproton beams besides a largely extended activity with heavy ion beams. The requested antiproton production rate of 7·10 10 has to be achieved with a linac-synchrotron SIS12 -SIS100 accelerator configuration. Therefore GSI needs now a high intensity, pulsed proton linac as an independent new linac, additionally to the heavy ion linac injector UNILAC. A novel compact p linac for an operating frequency of 352 MHz has been designed. It is based on an RFQ of the 4-rod type or alternatively of the 4-window type followed by a Cross-Bar H-type (CH)-DTL ranging from 3 MeV up to 70 MeV. At an aperture diameter of 20 mm these structures will reach effective shunt impedances between 100 MΩ/m and 40 MΩ/m (high energy end). 11 independently phased cavities with focusing quadrupole triplets in the intertank sections will provide 67 MV effective voltage gain within a total length of 21 m. Beam dynamics studies are promising. Depending on the beam current, the needed transverse emittance is defined by the multiturn injection scheme into the horizontal phase space of SIS12. It is aimed to fill up to 7·10 12 protons into SIS12 within 25µs at linac currents around 70 mA and at a normalized horizontal beam emittance of 3 µm. The energy spread has to be kept within ± 1·10 -3 . This design was also guided by available 352 MHz klystrons with peak rf power levels slightly above 1 MW.
INTRODUCTION
Traditionally p-linacs include an Alvarez-type DTL section which covers the energy range from the injector or RFQ exit energy up to 100 MeV or beyond. Cylindrical multi-cell cavities operated in the E 010 -mode provide strong magnetic focusing by quadrupoles mounted in every drift tube. According beam simulations show smooth beam envelopes, small emittance growth rates and low beam losses. Drawbacks of that structure are low effective acceleration fields (1.5 -2 MV/m): When compared with βλ/2-structures the gap to period length ratio is only about half the value for the Alvarez-DTL (≅ 0.25). This is one important fact which leads to higher acceleration fields in βλ/2-structures like H-type DTLs. H-cavities additionally profit very much in shunt impedance from a reduction of the drift tube outer diameter as the electric capacitance is concentrated on the drift tube structure. In case of Alvarez-DTLs the contribution of the drift tube structure to the overall capacitance is only a 10 -20 % effect. Sophisticated drift tube and stem designs have to provide a long term adjustment of the quadrupole singlets within tight tolerances and independently from the thermal load. Moreover, the effective shunt impedance values (20 -35 MΩ/m typically) are comparatively low and at the same time the stored rf energy with its destruction potential during sparks is high.
This gave the motivation to develop the modified beam dynamics concept KONUS [1] for H-cavities, which allows to arrange a maximum number of drift tubes without transverse focusing elements in one acceleration section followed by a magnetic lens (quadrupole triplet) to focus the beam transversally into the following section.
On the other hand short structures like coaxial, spiral or split ring cavitites are not competitive in case of proton linacs, because of much higher investment ___________________________________________ ________________________________________________________ * Work supported by the EU (cont. no. RII3- CT-2003-506395) costs for the large number of needed rf power amplifiers. Superconducting coaxial 2-gap-structrues and spoke-cavities were developed and will still be improved at several laboratories [2] . These cavities seem attractive, when besides protons also heavier ions should be accelerated efficiently with the same linac. An additional argument for superconducting structures is given at high duty factor operation, which limits the accelerating fields of room temperature structures as soon as the thermal losses per meter reach the cooling limit.
For high intensity proton linacs with duty factors below 10 -2 and with pulse lengths below 1 ms the most attractive choice is to use r.t. multi-cell cavities powered by a low total number of large rf amplifiers. The LEDA project [3] has demonstrated successfully that p-intensities up to 100 mA can be accelerated by an RFQ at the relatively high rf frequency of 350 MHz. At that frequency klystrons with up to 1.3 MW output rf power are available. When compared with power tube (tetrode) driven rf amplifier chains used at lower frequencies, klystrons should be superior with respect to maintenance. Moreover, actual IOT developments in the attractive frequency range may become an attractive and compact alternative to klystrons. This paper describes an attractive 350 MHz muli-cell structure proposed for the GSI proton injector [4] , which should considerably increase the acceleration efficiency. Beam dynamics as well as cavity design aspects of the CH-structure are discussed.
FRONT END AND RFQ DEVELOPMENT
The linac front end design is most sensitive with respect to a change of the requested beam current. During the layout-phase of the GSI p-linac the design current was increased by a factor 2 and finally was fixed to 90 mA at the RFQ exit. This influences a lot the needed injection energy into the RFQ as well as the resulting beam emittances and the needed exit energy for an efficient matching into the DTL.
The favoured choice for the front end is a IPHItype set-up as developed at CEA Saclay [5] . The beam is produced with the 2.45 GHz ECR proton source SILHI. The beam transport, separation of other beam species like H 2 + , H 3 + and matching into the RFQ is provided by two magnetic solenoids.
At present, two RFQ designs, one at ITEP Moscow and the other at IAP Frankfurt are worked out independently from each other. Up to now the exit energy is fixed at 3 MeV. This would allow for a short RFQ-tank (about 3.5 m long), which could be realized by structures like shown in fig. 1 in a cost effective way. The frequency range of the 4-rod RFQ, so far not higher than 217 MHz, was successfully enlarged by a modified design of the stems supporting the electrodes ( fig. 1 ). By that geometry the dipole content in the quadrupole field within the aperture is kept below 1 % at 350 MHz [6] .
4-rod -RFQ
4 window -RFQ In case of the 4-window structure the dipole modes, which tend to overlap with the operating frequency in case of the original 4-vane structure, are well shifted upwards -for example by 2 %. An upper limit for the tank length is caused for both structures by the small transverse dimensions, which reduces the robustness of the operating mode with respect to the rf voltage distribution along the tank. For a 350 MHz 4-rod RFQ the beam axis is located about 80 mm above the ground plate. A 4-window RFQ at the same frequency has an inner tank diameter of about 180 mm, depending on the window geometry.
MATCHING SECTION RFQ -CH-DTL
For a 90 mA, 3 MeV p-beam the matcher has to be designed quite carefully to avoid considerable emittance growth as described for one design case quantitively in ref. [7] . An independently phased resonator for bunching and possibly including some beam acceleration is needed to allow for an efficient linac operation at different beam current levels. A xysteerer, beam diagnostics (phase probe) and a quadrupole lense (singlet or doublet) will be located in front of that short cavity. Possibly a second phase probe and a quadrupole lens (doublet or triplet) will follow to match the beam into the CH-DTL.
CH-CAVITY DEVELOPMENT
When compared to the Interdigital H-type (IH) structure (H 11(0) -mode) the CH-structure (H 21(0) -mode) increases the attractive beam energy range at least by a factor 3 -up to 100 AMeV at an rf frequency around 350 MHz. Frequencies between 270 MHz and 430 MHz were considered and/or chosen in recent p-linac projects. At these frequencies and beam energies CHcavities have rather convenient cavity diameters. At aperture diameters of 20 mm the inner tank diameter will stay between 300 mm (at W ≅ 5 AMeV) and 500 mm (at W ≅ 100 AMeV). This gave the motivation to suggest CH-structures for proton acceleration [8] .
Cavity Design
The main steps in the design of the 352 MHz room temperature CH-DTL are as follows: -Single cell cross sections at every tank center were optimized with Microwave Studio TM [8] .This method is justified in case of a quasi-periodic Hstructure and has the advantage of being very fast. For the validation of the single cell approximation method, the realized tank 3 of the CERN Linac3 has been used, which is a 30-gap IH cavity operated at 202 MHz :
≈ 300 mm The comparison of calculated and measured effective shunt impedance values shows a reduction of the measured values to about 85% of the calculated ones. This factor is resulting from the reduced efficiency at the cavity ends and from effective surface resistance values. Including the reduction factor mentioned above, effective shunt impedances ranging from 100 MΩ/m at injection energy down to 40 MΩ/m at the linac exit were calculated (see fig. 3 ). -Cavity mechanical design:
Based on the in-house developments of concepts for technical design alternatives, a design and fabrication study has been performed by
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Copper FIGURE 4. Mechanical design study of the tank (left) and detail of the drift tube (right).
industry in close cooperation with our institute. The study has been completed in October 2004. The results (including detailed recommendations on manufacturing techniques and tools) are presently discussed and will be utilized for fixing the final design of a CH prototype cavity. Main features of the favoured option (see also fig. 4 ) are water cooled stems, welded directly to the cavity inner wall; as well as half drift tubes from massive copper, press-fitted into the on axis bore-holes of the stems. A prototype cavity will be realized and tested at nominal rf levels within the "Coordinated Accelerator R&D in Europe" (CARE), a joint research activity funded by the European Union.
KONUS Beam Dynamics for the CH-DTL
The design work on the beam dynamics layout for the FAIR p-Linac facility is progressing. As intermediate steps, different matching schemes between RFQ and the first CH-DTL tank have been investigated, as well as schemes with different RFQ-DTL transition energies (from 2.5 to 4 MeV) and with different design currents (70 to 90 mA).
In fig.4 and 5 results for a 4-70 MeV, 75 mA design are shown. This result was achieved with quite small input emittances (see Table 1 ). Calculations were performed by using RFQ output distribution data (the "core" of 5000 out of 20000 particles was used).
Nevertheless these intermediate results give a realistic view on the expected CH-DTL layout parameters, e.g. overall length, number of tanks, acceleration gradients, quadrupole lens strengths. Furthermore it is shown that the beam requirements at the linac exit can be achieved.
The upcoming steps in beam dynamics investigations are : -Including more realistic input emittances from RFQ simulation results at I = 90 mA. -Increasing the overall number of possible simulation particles (the aim is up to 10 6 particles) by implementing a new space charge routine into the LORASR code. This opens the chance for accurate beam loss calculations along the linac.
TABLE 1.
Proton Linac CH-DTL simulation parameters at I = 75 mA.
Beam parameters Input Exit
ε tr (99%,norm.) 
CONCLUSIONS
A new type of room temperature DTL suited for an energy range from 3 AMeV to more than 100 AMeV is developed, which should reduce the costs for investment and maintenance considerably when compared with conventional solutions. The specifications of the 70 MeV, 70 mA p-linac with rf duty cycles around 10 -3 for FAIR seem very well suited to apply this concept for the first time. A main next optimization step within that project is to make a final choice of the rf power amplifiers and to adapt the cavity layout.
